There are many difficulties distinguishing bacterial from viral meningitis that could be reasonably solved using biomarkers. The aim of this study was to evaluate lactate, procalcitonin (PCT), ferritin, serum-CRP (C-reactive protein), and other known biomarkers in differentiating bacterial meningitis from viral meningitis in children.
Introduction
Bacterial meningitis is one of the most serious and fatal diseases of childhood worldwide. Prevalence of meningococcal meningitis is approximately 1.2 per 100,000 people which increase to 100 cases per 100,000 people in the African meningitis belt. [1] Most of the countries of Africa and Southeast Asia have case fatality rates of higher than 8%, according to the WHO report. Generally, a case fatality rate of 4% to 27% is predicted for meningitis in developing countries. [1] Likewise, in developed countries, it is among the 10 chief causes of childhood death. [2] The average incidence of meningitis for all children under the age of 15 years was 12.8 and 6.6 cases per 100,000 population for men and women, respectively, in Tehran metropolis (1999-2005 inclusive) . [3] Although bacterial meningitis has a considerably lower incidence rate than viral/aseptic meningitis, [4, 5] prompt diagnosis and treatment are necessary due to its hazardous nature. [6] Bacterial meningitis remains a source of substantial morbidity and mortality despite new and potent antibiotics use while aseptic meningitis generally has a benign course requiring only supportive care. [6] So, rapid diagnosis of bacterial meningitis and its differentiation from aseptic meningitis should be done to allow early initiation of therapy for children at risk of having the disease without over treating low-risk children.
Till now, the gold standard for the diagnosis of bacterial meningitis and distinguishing it from aseptic meningitis has been cerebrospinal fluid (CSF) which requires considerable time to prepare its result. [7] Consequently, most children with CSF pleocytosis are admitted to hospital to receive broad-spectrum antibiotics while awaiting culture test results. [8] Another drawback of CSF culture is its low yield in some centers. In a study in sub-Sahara Africa, Gram staining and CSF culture were reported positive in only a few cases of bacterial meningitis [9] and
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according to a study from Iran, CSF culture was positive in only 3.97% (11/277) of patients with bacterial meningitis. [10] Moreover, the clinical symptoms and laboratory tests including CSF parameters could be overlapping in bacterial and viral/ aseptic meningitis. The constellation of symptoms of fever, nuchal rigidity, and changes in mental status, a well-known triad of meningitis, was observed in only 44% of patients with bacterial meningitis. [11] Thus, relying on the clinical history and physical examination of patients suspected of having bacterial meningitis could be misleading. [12] Besides the atypical history, nondistinctive physical examination and hesitant and low yield CSF cultures on some occasions, CSF parameters are occasionally indecisive and cannot discriminate between bacterial and aseptic meningitis. [13] [14] [15] Moreover, even insufficient doses of antibiotics can lead to atypical CSF results in patients. [16] Due to the aforementioned practical problems in discriminating bacterial and viral/aseptic meningitis, new and strong biomarkers should be identified to help clinicians to start early and appropriate management. Such markers should logically have near 100% sensitivity to prevent any error in diagnosis and management. [5] Anaerobic metabolism of microbes in CSF and/or ischemia of brain tissue lead to local lactate production, a process that is not affected by levels of lactate in the blood. Comparing with CSF glucose, this is a point of strength for lactate for differentiating bacterial and aseptic meningitis. [17] [18] [19] Procalcitonin (PCT) is secreted in trivial amounts by C cells of the thyroid in response to increased blood calcium levels. [20] [21] [22] After this, bacterial infection is produced in the liver [23] and peripheral blood mononuclear cells and increases up to several thousand-fold. [24, 25] Ferritin is another acute phase reactant that is incapable of penetrating the blood brain barrier. [26] So, CSF ferritin levels are not influenced by its blood levels. [9] The CSF ferritin level increases during inflammation, a usual process in bacterial meningitis. [27] This study was designed to evaluate the ability of serum and CSF levels of PCT, ferritin, and lactate in discrimination of bacterial and viral/aseptic meningitis. Also, other known biomarkers including erythrocyte sedimentation rate (ESR), serum-CRP (C-reactive protein), and white blood cell (WBC) values were measured and compared with each other.
Materials and methods

Study design
This prospective cross-sectional study was conducted on children admitted to Mofid children's hospital, between October 2012 and November 2013. This hospital is a multidisciplinary academic and referral one, exclusively devoted to children. With over 250 beds and above 20 clinical subspecialty wards and laboratory sections, it provides inpatient and outpatient services to Tehran city and surrounding provinces.
Eligible patients for lumbar puncture
Any child aged 28 days to 14 years who was diagnosed with suspected meningitis, defined as follows, underwent lumbar puncture:
1. Fever with signs of meningeal irritation, bulging fontanels, unexplained irritability, persistent nausea, and vomiting or petechial rash or purpura ) as well as CSF shunt infections were excluded.
The study was approved by the ethical committee of Shahid Beheshti University of Medical Sciences, Tehran, Iran. Informed consent was obtained from the children's parents before doing lumbar puncture.
PCR
Using AccuPrep Genomic DNA extraction kit (cat.no.k-3032 lot no.1008J, BIONEER, Seoul, Korea), DNA was extracted from all Group B streptococcus isolates. PCR amplification profile comprised a 300 nM concentration of each oligonucleotide primer (Eurofins MWG Operon, Huntsville, Alabama); 200 mM (each) deoxynucleoside triphosphates dCTP, dGTP, dATP, and dUTP; 0.125 U of Taq DNA polymerase; and 5.5 mM MgCl 2 (from GENET BIO, Daejeon, Korea, prime Taq TM DNA polymerase, URL: www.genetbio.com)
The PCR products were analyzed by gel electrophoresis on 1.5% BIONEER agarose gels in 1Â TBE buffer (890 mM of boric Table 1 .
Assay of biomarkers
Serum and CSF ferritin concentrations were measured using the Ferritin AccuBind ELISA assay (Monobind Inc., Lake Forest). PCT levels in serum and CSF were determined by doubleantibody sandwich enzyme-linked immunosorbent assay (ELISA) (Human PCT ELISA, BT Laboratory, Shanghai, China). Serum-CRP concentration was measured using immunoturbidimetric method with the lowest detected level of 2 mg/L (PARS AZMUN, Karaj, Iran). CSF Lactate level was measured using standard enzymatic test (Randox Laboratories, London, UK).
Statistical analysis
Statistical analyses of obtained data were performed using SPSS software, version 21.0 (SPSS, Chicago, IL). Data were analyzed using chi-square test, Fisher exact test, and independent t test. We used receiver operating characteristic (ROC) curve to determine the optimal cutoff point for each biomarker to distinguish bacterial meningitis from aseptic/viral meningitis. Also, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for biomarkers in chosen cutoff point. ROC curve analysis was done by SPSS software. Binary logistic regression was done and the obtained values presented as AUC to compare the biomarkers combination. P value of <.05 was considered statistically significant.
Results
In this study, lumbar punctures were done for 370 patients with suspected meningitis. Of 62 patients diagnosed with meningitis, 50 immunocompetent patients with CSF pleocytosis were enrolled in the study (Fig. 1 ). Among them, 20 patients (40%) were women and 30 (60%) were men, with viral/aseptic meningitis being more common. The average age was 42.75 months with the minimum of 21 days and maximum of 144 months. The highest rate of meningitis was among children aged 13 months.
CSF smear was positive in 7 patients including 3 gram-positive cocci and 4 gram-negative diplococci. There were 2 positive CSF cultures (S pneumoniae and S aureus).
From 50 cases of meningitis, 38 (76%) patients had viral/ aseptic meningitis and 12 (24%) had bacterial. Of bacterial meningitis: 10 were definite bacterial meningitis (5 cases of S pneumoniae, 4 cases of H influenzae, and 1 case S aureus) and 2 cases were presumed bacterial meningitis (overall defined as bacterial meningitis). Among 38 viral/aseptic cases, 2 cases were definite viral/aseptic (herpes simplex virus type 1 and Enterovirus), and 36 cases were presumed viral/aseptic meningitis (overall defined as viral/ aseptic meningitis).
S pneumoniae was the most commonly isolated pathogen in 5 cases (41.6%) of patients with bacterial meningitis whose age varied from 1 month to 8 years.
Fever was the most frequent initial symptoms on arrival in all patients. The second most prevalent symptom in bacterial group was poor feeding/loss of appetite (83%) and in viral group was nausea and vomiting (78%) ( Table 2) . Clinical features did not differ significantly between the 2 groups. Poor feeding and headache were the main reasons for referring to hospital in children under 14 months of age and over 3 years, respectively (Table 3) . Table 1 PCR primer sequences.
Genes
Primer sequences S pneumoniae [28] 5-GCA ATG CCA GAC AGT AAC CTC TAT-3 5-CCT GCC TGC AAG TCT TGA TT-3 N meningitidis [29] 5-CCGCACTGCCGCTTGCGG-3 5-CCAAACAGCCTTCAGCCC-3 H influenzae [30] 5-TGTCCATGTCTTCAAAATGATG-3 5-TGATGAGGTGATTGCAGTAGG-3 L monocytogenes [31] 5-CACGTGCTACAATGGATAG-3 5-AGAATAGTTTTATGGGATTAG-3 Group B streptococcus [32] 5-TTTCACCAGCTGTATTAGAAGTA-3 5-GTTCCCTGAACATTATCTTTGAT-3 PCR = polymerase chain reaction. Figure 1 . Flow diagram of study selection process. Sanaei ANC = absolute neutrophil count, BM = bacterial meningitis, CRP = C-reactive protein, CSF = cerebrospinal fluid, ESR = erythrocyte sedimentation rate, PCT = procalcitonin, VM = aseptic/viral meningitis, WBC = white blood cell.
Table 5
Evaluation of diagnostic value of CSF and serum parameter betweeen 2 group. There were significant differences in biomarker distributions between bacterial and viral/aseptic meningitis, except for PCT levels in serum and CSF (Table 4) .
Sensitivity and specificity of each biomarker with PPV and NPV are presented in Table 5 . Among biomarkers, serum-CRP at a cutoff value of 57 mg/L had the highest specificity (100%) and lactate had the best sensitivity (96.2%). Two cases of S pneumoniae and H influenzae meningitis had a truly negative serum-CRP. The mean CSF-PCT levels in patients with bacterial and viral/aseptic meningitis were 59.4 and 45.6 ng/dL, respectively (P = .136) ( Tables 4 and 5 ). The mean serum PCT levels were 68.27 and 57.14 ng/dL in bacterial and viral/aseptic groups, respectively (P = .389) ( Tables 4 and 5 ).
The area under the ROC curves (AUC), shown in Table 6 , indicated that lactate was a much better biomarker for distinguishing bacterial meningitis from viral meningitis (AUC = 0.923). Also, PCT levels in serum and CSF had the lowest AUC, compared with other factors (Table 6 ). It is important to mention, ANC (100%) and lactate (97.1%) were identified as the best markers to rule out bacterial meningitis with the highest NPV (Table 6) .
Diagnostic values of combination of biomarkers with good NPV and AUC are presented in Table 7 .
Discussion
Differentiating bacterial from viral meningitis could be done through clinical signs and symptoms, CSF analysis, Gram staining, antigen assays, peripheral WBC, and neutrophil count with some uncertainty and ideally via CSF culture. [6, 14, 15, [33] [34] [35] However, this diagnostic gold standard of bacterial meningitis is time-consuming and has a modest sensitivity (70-85%) and is even lower due to factors related to applied materials and techniques and receiving antibiotic(s) before lumbar puncture, making it unsuitable for timely decision-making. [15] According to our study, the yield of CSF culture was 83.3%. In this study, the rate of pneumococcal meningitis in patients with bacterial meningitis was 41.6%. S pneumoniae was the most commonly isolated agent of bacterial meningitis among children under 24 months in the United States in 1995. [36] In a multicenter investigation of children with invasive pneumococcal infections in the United States over an observation time of 6 years, about 15% of pneumococcal infections were bacterial meningitis. [37] Our findings in a previous study revealed that more than 40% of young children in Tehran carry S pneumoniae in their nasopharynx. [38] Using biomarkers in CSF or serum could contribute to early diagnosis and prevention of unnecessary antibiotic usage. The most critical question facing a patient with suspected meningitis, who has CSF pleocytosis, before withholding antibiotics, is to rule out bacterial meningitis. This task could be accomplished best through a test with a high negative predictive value; a diagnostic characteristic of a test which can exclude a disease. Considering the results in the current study, CSF-ANC with the highest NPV (100%) is a valuable indicator for discrimination of different types of meningitis. So, all children with an ANC lower than 108 cell/mL (cutoff point) were not in the bacterial meningitis group, in our study. In a multicenter case cohort study, at a 100 cell/mL cutoff point, sensitivity of ANC in CSF was 82% and specificity was 73%. [5] While neutrophil predominance may be seen in the CSF, in the acute phase of aseptic meningitis it is usually a transient phenomenon and neutrophil dominance in the established phase of meningitis is generally in favor of a bacterial process. [39] [40] [41] [42] This fact is demonstrated by a research study that showed a significant reduction in the rate of ANC in CSF after 24 hours in patients with aseptic meningitis and a stable or increased rate of ANC after 24 hours in bacterial meningitis patients. [43] Inclusion of CSF-ANC as a component of a clinical decision rule, named "bacterial meningitis score" (BMS) shows its position in the diagnosis of bacterial meningitis. The other elements of the score are: positive CSF Gram stain, CSF-ANC of 1000/mL or higher, CSF protein level of 80 mg/dL or higher, peripheral blood ANC of 10,000/mL or higher, and patients presenting with seizure. [34] BMS application in 900 children with clinically diagnosed meningitis accurately detected 889 children with bacterial meningitis. [44] After ANC, CSF lactate with the NPV of 97.1% was the second powerful marker to rule out bacterial meningitis in our study. According to previous reports, lactate could be a helpful biomarker for differentiation of viral and bacterial meningitis in children and adults. Though the sensitivity may decrease in antibiotic-pretreated patients, [19] it is assumed that CSF lactate could be a helpful marker to discriminate bacterial meningitis (>6 mmol/L) from partially treated meningitis (4-6 mmol/L) and aseptic meningitis (<2 mmol/L). [45] A 15-year retrospective study of children with meningitis showed that in bacterial group CSF Table 6 Comparison of markers according to AUC, NPV. ANC = absolute neutrophil count, CRP = C-reactive protein, CSF = cerebrospinal fluid, ESR = erythrocyte sedimentation rate, NPV = negative predictive value, PCT = procalcitonin, PPV = positive predictive value, ROC = receiver operating characteristic, WBC = white blood cell. Table 7 Characteristics of ANC, lactate, CRP, and ESR (the best markers based on AUC and NPV) combination.
Variables/ Units
Biomarker combinations
Area under the ROC curve (AUC) lactate has a sensitivity of 95% and specificity of 94%, at the cutoff point of 3.0 mmol/L. [46] Substantial elevation of serum-CRP levels was seen in patients with bacterial meningitis, compared with aseptic meningitis, with sensitivity and specificity ranging from 70% to 100% to 90% to 95%, respectively. [47] [48] [49] In our study, this acute phase reactant had a NPV, PPV, sensitivity, and specificity of 90.3%, 100%, 85.86%, and 100%, respectively, indicating it is a good biomarker.
WBC count in CSF rises as a result of inflammatory cytokines released during meningitis. The CSF WBC count was significantly higher in bacterial meningitis (mean = 4839 cell/mL), compared with viral meningitis (mean = 159 cell/mL) (P < .001) in a research and at the cutoff value of 321 WBC cell/mL the sensitivity and specificity for bacterial meningitis were 80.6% and 81.4%, respectively. [50] In the present study, the mean values of WBC count of CSF in bacterial meningitis and viral/aseptic meningitis patients were 3143 and 539 cell/mL, respectively and with NPV of 91.3% and PPV of 37%, this showed a high sensitivity and low specificity (Table 4) .
CSF-PCT has been reported as a sensitive marker in a few studies, [51] [52] [53] and less sensitivity in the others. [54, 55] A retrospective analysis of published data from European countries [5] showed the serum PCT level as a very sensitive and specific marker to distinguish between bacterial and viral/aseptic meningitis with a sensitivity and specificity of 99% and 83% at the cutoff value of 0.5 ng/mL. In 2 studies by Makoo et al [56] and Kepa et al, [57] the diagnostic productivity of serum and CSF-PCT levels were evaluated. According to the results, serum PCT level was a powerful biomarker for differentiation of bacterial meningitis from viral meningitis but the diagnostic value of CSF-PCT was slightly weaker. [57] According to the current study, CSF-PCT had modest sensitivity, specificity, NPV, and PPV of 75%, 47.4%, 85.71, and 31.03, respectively, and serum PCT level had a sensitivity of 66.7% and specificity of 59.3%, in a cutoff point of 6 ng/dL. These findings represent CSF or serum PCT as a weak marker for differentiating bacterial and viral meningitis.
High concentration of ferritin in the CSF is the consequence of its passage through dissipated blood brain barrier and local synthesis in CNS as well, resulting in increased concentration of ferritin in patients with bacterial meningitis. [27, 58] The present study showed a significantly higher CSF ferritin in bacterial meningitis, denoting more intense systemic inflammation in bacterial meningitis. [27] At the cutoff point of 35.5 ng/dL, the sensitivity and specificity were 82.8% and 70.55%, respectively. Similarly, Jebamalar et al [27] found a significant correlation between the ferritin levels in CSF and serum of patients with bacterial meningitis, compared with those with viral meningitis. Another study on 42 children with meningitis in Iran showed that CSF ferritin level was about 10-fold higher in bacterial meningitis than in viral form. [59] Total CSF WBC mean count and ESR levels were significantly higher in patients with bacterial meningitis. However, due to relatively lower specificity of these biomarkers, they should be used along with other tests. The prognostic power of WBC count in distinguishing bacterial meningitis may be constrained by some agents; a high rate of variability is present in CSF WBC counts and lower cell counts may be observed in children, immunocompromised patients, and/or even in immunocompetent patients with bacterial meningitis due to meningococcus and pneumococcus. Also, increased WBC count in CSF of viral/aseptic patients can be observed, similar to our results.
ROC curve analysis of biomarkers (Table 6) indicated that the highest value of AUC was related to CSF lactate (0.92), serum-CRP (0.88), ESR (0.79), and CSF-ANC (0.77), respectively.
A comparison between area under ROC curve as well as NPV (Table 6) showed that lactate, ANC, ESR, and serum-CRP could be considered as valuable biomarkers in distinguishing bacterial from viral/aseptic meningitis. As is emphasized in other studies, due to the critical nature of bacterial meningitis, using a biomarker alone is not recommended to establish or exclude the diagnosis. [5, 15, 60] We combined 4 biomarkers (CRP, ESR, CSFlactate, and CSF-ANC) together to find the best compositions. According to Table 7 , combinations of biomarkers increase the AUC (Table 7) . When considering the AUC values in numbers 2, 4, and 9 it can be concluded that low value added to the AUC in the presence of ANC.
Conclusion
According to our study, CSF lactate, CSF ANC, serum ESR, and serum CRP are useful biomarkers in distinguishing bacterial from viral meningitis, based on their AUC values. In addition, combination of these potent biomarkers strengthens the predictive value.
